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Abstract

Background: Glucose-regulated protein 78 (GRP78) plays an essential role in protein folding, 

transportation, and degradation, thus regulates ER homeostasis and promotes cell survival, 

proliferation and invasion. GRP78 expression in PDAC patients who received neoadjuvant therapy 

has not been reported.

Methods: This retrospective study of resected PDAC patients included 125 patients treated 

with neoadjuvant therapy (NAT) and 140 patients treated with surgery first (SF). The expression 

of GRP78 was evaluated by immunohistochemistry on tissue microarrays and the results were 

correlated with clinicopathologic parameters and survival.

Results: GRP78 expression was higher in SF patients compared to NAT patients (P<0.001). In 

SF cohort, the median disease-free survival (DFS) and overall survival (OS) for patients with 

GRP78-positive tumors were 11.2 months and 25.0 months, respectively, compared to DFS of 
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52.1 months (P=0.008) and OS of 69.5 months (P=0.02) for those with GRP78-negative tumors. 

GRP78 expression correlated with higher frequency of recurrent/metastasis (P=0.045). In NAT 

cohort, GRP78 expression correlated with shorter OS (P=0.03), but not DFS (P=0.08). GRP78 

expression was an independent prognosticator for both DFS (P=0.02) and OS (P=0.049) in SF 

cohort and was an independent prognosticator for OS (P=0.03), but not for DFS (P=0.06) in NAT 

cohort by multivariate analysis.

Conclusions: Our study showed that GRP78 expression in NAT cohort is lower than that in 

SF cohort. GRP78 expression correlated with shorter survival in both SF and NAT patients. Our 

findings suggest that targeting GRP78 may help to improve the prognosis in PDAC patients.
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BACKGROUND

Pancreatic cancer, the third leading cause of cancer-related death in the United States, is 

a devastating disease with poor outcomes 1. Pancreatic ductal adenocarcinoma (PDAC) 

is the predominant histological subtype (>90%) of pancreatic cancer 2. Due to the lack 

of early symptoms and effective methods for early detection, vast majority of patients 

with PDAC are diagnosed at late stage, which are not amenable for surgical resection 3. 

According to Cancer Statistics 2020, approximately 57,600 new cases was diagnosed and 

approximately 47,050 patients died of PDAC in the United States 4. The 5-year survival rate 

for PDAC patients is approximately 10% 4. Pancreatic cancers will surpass breast, prostate, 

and colorectal cancers to become the second leading cause of cancer-related death in the 

United States by 2030 5. Therefore, much research efforts on PDAC have been dedicated to 

early detection and the development of new therapeutic targets and prognostic biomarkers.

Glucose-regulated protein 78 (GRP78) is a member of 78 kDa heat shock proteins located 

in the endoplasmic reticulum 6–9. It was initially identified as a protein with molecular 

weight of 78 kDa in chick embryo fibroblasts growing in glucose-depleted medium 
10. GRP78 functions as a master regulator of the unfolded protein response and plays 

an essential role in protein folding, transportation, and degradation, thus regulates ER 

homeostasis and promotes survival, proliferation and invasion of tumor cells 7–9. The 

stress from unfolded proteins in tumor cells induces overexpression of GRP78 through 

the activation of the PI3K/Akt and MAPKs pathways in a positive feedback loop 9–13. 

Recent studies have shown that GRP78 is overexpressed in malignancies of several different 

organ systems, including carcinomas of the urinary, gastrointestinal, mammary, cerebral, 

and respiratory system 9, 14, 15. Niu et al. showed that PDAC samples has significantly 

higher expression of GRP78 than normal pancreatic ductal cells and that high levels of 

GRP78 expression correlated with poor prognosis in treatment-naïve PDAC patients 8. 

In a study of 53 PDAC patients by Johnson et al., GRP78 overexpression correlated 

with shorter disease-free survival, pathologic tumor stage and lymph node metastasis 16. 

In addition, GRP78 expression was reported to be higher in gemcitabine-resistant PDAC 

than that in gemcitabine-sensitive PDACs, suggesting that GRP78 plays an important role 

in chemoresistance of PDAC 17. However, GRP78 expression in PDAC patients who 
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received neoadjuvant therapy has not been reported. Therefore, the aim of this study is 

to compare GRP78 expression between PDAC patients who was treated with surgery first 

(SF) and the PDAC patients who were treated with neoadjuvant therapy (NAT) and to 

correlate GRP78 expression with survival and other clinicopathologic parameters. Our study 

demonstrated that GRP78 expression is a poor prognosticator in both cohorts of PDAC 

patients, suggesting that targeting GRP78 may help to improve the survival of PDAC 

patients.

MATERIALS AND METHODS

Study populations and patient characteristic

This study was approved by the Institutional Review Board of the University of Texas M.D. 

Anderson Cancer Center. Cases were retrieved from the pancreatic surgery database, which 

was prospectively maintained at Department of Surgical Oncology.

All cases had confirmed diagnosis of PDAC by histology. The pathology evaluation of 

pancreaticoduodenectomy specimens, including the tumor size/primary tumor stage (pT), 

tumor differentiation, lymph nodes involvement (pN), margin status etc., were performed 

and reported using standardized protocol established at our institution. Pathologic stages 

were classified according to the American Joint Committee on Cancer (AJCC) staging 

Manual, 8th edition 6. Tumor response grading in pancreaticoduodenectomy specimens in 

NAT cohort was performed using the College of American Pathologists (CAP) grading 

system18.

Immunohistochemistry and grading for GRP78 expression

Immunohistochemical staining for GRP78 was performed on tissue microarray (TMA) 

slides, which contain two representative 1.0 mm cores from each tumor, using an 

indirect immunoperoxidase method (Vectastain ABC Elite standard kit, Vector Laboratories) 

according to the manufacturer’s protocol. Unstained TMA sections (5-μm thick) were 

deparaffinized in xylene and rehydrated with a graded ethanol series. Antigen retrieval was 

done by heating the sections in 0.01 M citrate buffer (pH 6.0) in a pressure cooker at 100°C 

and cool down at room temperature for 20 minutes. Subsequently, the tissue sections were 

washed three times with phosphate-buffered solution and NAT with 3% hydrogen peroxidase 

(10 minute at room temperature) followed by incubation with a rabbit polyclonal antibody 

GRP78 (Ab108615, 1:150 dilution, Abcam, Cambridge, MA) overnight at 4 °C. Afterwards, 

the tissue sections were washed three times with phosphate-buffered solution. Finally, 

the tissue sections were incubated with a secondary antibody at room temperature for 60 

minutes and developed with diaminobenzidine as chromogenic substrate. Counter-staining 

was performed using Mayer’s hematoxylin.

Immunohistochemically stained slides were evaluated by a pathologist (YTT), who was 

blinded to the clinicopathologic variables. Since the tumors showed diffuse staining for 

GRP78, the immunoreactivity of GRP78 was classified as GRP78-negative (no cytoplasmic 

staining in tumor cells) and GRP78-positive (weak, moderate or strong cytoplasmic staining 

in tumor cells).
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Statistical analysis

The expression of GRP78 was correlated with clinicopathologic parameters and survival 

using Statistical Package for Social Sciences software (SPSS Inc. version 26, Chicago, 

IL). Categorical variables were compared using the Chi-squared analyses or Fischer’ exact 

tests. Survival analyses were performed using the Kaplan-Meier method and the statistical 

significance of difference in survival was evaluated using the log-rank test. Disease-free 

survival (DFS) was calculated as the time from the date of surgery to the date of first 

recurrence after surgery in patients with recurrence or to the date of last follow-up in 

patients without recurrence. Overall survival (OS) was calculated as the time from the 

date of diagnosis to the date of death or the date of last follow-up if death did not occur. 

Univariate Cox regression analysis was used to determine the prognostic significance of 

GRP78 expression and other clinicopathologic characteristics. Cox proportional hazards 

models were fitted for multivariate analysis. After interactions between the variables were 

examined, a backward stepwise procedure was used to derive the best-fitting model. All tests 

are two-sided and P values less than 0.05 are considered statistically significant.

RESULTS

Patients and Treatments

Our study population consisted of two cohorts of PDAC patients: (1) SF cohort, which 

was comprised of 140 patients with PDAC resected with upfront pancreaticoduodenectomy 

(PD) without neoadjuvant therapy (61 women and 79 men). (2) NAT cohort, which 

was comprised of 125 patients with PDAC who were treated with neoadjuvant therapy 

followed by PD from 1999 to 2007 (49 woman and 76 men). Within the NAT cohort, 

103, 16, and 6 patients had potentially resectable disease, borderline resectable disease 

and locally advanced disease, respectively. There were no significant correlations between 

the pre-therapy resectability status and ypN (P = 0.42) or ypT (P = 0.38) stages. Twenty

four patients (19.2%) received fluoropyrimidine-based chemoradiation, 40 patients (32%) 

received gemcitabine-based chemoradiation, 39 patients (31.2%) received gemcitabine 

followed by gemcitabine-based chemoradiation, 17 patients (13.6%) received gemcitabine 

followed by fluoropyrimidine-based chemoradiation, and the remaining 5 patients (4%) 

received neoadjuvant systemic chemotherapy alone.

GRP78 expression in pancreatic ductal adenocarcinoma samples

Immunohistochemically stain for GRP78 showed diffuse cytoplasmic staining in PDAC 

cells in both NAT and SF cohorts that were positive for GRP78. Representative histologic 

images showing different levels of GRP78 expression are shown in Figure 1. Negative, 

weak, moderate and strong cytoplasmic staining of GRP78 was detected in 15 (10.7%), 71 

(50.7%), 35 (25.0%), and 19 (13.6%), respectively, in treatment-naïve PDAC patients and 39 

(31.2%), 57 (45.6%), 16 (12.8%), and 13 (10.4%), respectively, in NAT PDAC patients. The 

expression of GRP78 was significantly higher in treatment-naïve patients compared to that 

in NAT patients (p<0.001, Figure 2).
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Correlation of GRP78 expression with clinicopathologic parameters in SF and NAT cohorts

The correlations of GRP78 expression with clinicopathologic characteristics in the SF and 

NAT cohorts are summarized in Table 1. In the SF cohort, distant metastasis was present 

in 62.4% (78/125) of patients with GRP78 positive tumor compared to 33.3% (5/15) in 

those with GRP78 negative tumor (p=0.049). However, no significant correlations between 

GRP78 expression and other clinicopathologic parameters including gender, age, tumor 

differentiation, (y)pT stage, (y)pN stage, or margin status in either the SF or NAT cohort 

(p>0.05).

Correlation of CAP tumor response grading and survival in NAT cohort

Patients with CAP grade 1 tumor response had better disease-free survival (P = 0.04) and 

overall survival (P = 0.04) compared to patients with CAP grade 2 or grade 3. However, 

there were no difference in either disease-free survival (P = 0.58) or overall survival (P = 

0.58) between patients with CAP grade 2 and those with CAP grade 3 response.

GRP78 expression correlated with disease-free and overall survival in both SF cohort and 
NAT cohort

In SF cohort, the median DFS and OS for patients with GRP78-positive tumors were 11.2 

months and 25.0 months, respectively, compared to DFS of 52.1 months (p = 0.008) and 

OS of 69.5 months (p = 0.02) for those with GRP78-negative tumors (Figure 3A and 3B, 

Table 2). In the NAT cohort, median DFS and OS were 11.5 months and 30.1 months, 

respectively, for patients with GRP78-positive PDACs, compared to 19.2 months (p=0.08) 

and 40.8 months (p=0.03), respectively, for those with GRP78-negative PDACs (Figure 

4A and 4B, Table 2). Among the patients who received different NAT regimens, GRP78 

expression correlated with poor overall survival in patients who received gemcitabine-based 

chemoradiation or gemcitabine followed by chemoradiation (P = 0.02, Figure 4C). No 

significant correlation between GRP78 expression and survival was observed in patients 

who received fluoropyrimidine-based chemoradiation (P = 0.31, Figure 4D). For the NAT 

cohort, ypN stage (P = 0.005) and tumor response grade to neoadjuvant therapy (P = 0.04) 

were independent prognostic factors for OS, while the age at diagnosis were an independent 

prognostic factor for DFS (P = 0.003).

The results of univariate and multivariate analyses of DFS and OS in SF and NAT cohorts 

are shown in Table 2 and Table 3, respectively. GRP78 expression was an independent 

prognosticator for both DFS (P = 0.02) and OS (P =0.049) in SF cohort and an independent 

prognosticator for OS (P = 0.03), but not for DFS (P = 0.06) in NAT cohort. In SF cohort, 

positive resection margin was also an independent poor prognostic factor for DFS (P = 

0.004) and OS (P = 0.009). In addition, the pN stage was an independent poor prognostic 

factor for DFS (P = 0.006), but not for OS (P = 0.11, Table 3).

DISCUSSION

GRP78 plays an essential role in protein folding, transportation, and degradation, thus 

regulates ER homeostasis and promotes cell survival, proliferation and invasion. Recent 

studies have shown that GRP78 is overexpressed in a variety of tumors, including 
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breast cancers 19, renal cell carcinomas 10, prostate adenocarcinomas 20, 21, endometrial 

endometrioid carcinomas 22, melanomas 23, malignant gliomas 24, gastric and colorectal 

carcinomas 25–27. Overexpression of GRP78 has a positive association with unfavorable 

outcomes, such as resistance to radiation and chemotherapy, tumor invasiveness, clinical 

recurrence, and/or shorter survival 7, 8, 20, 22, 24, 26–29. In this study, we demonstrated that 

GRP78 expression correlated with poor DFS and OS in resected PDAC patients who did not 

receive neoadjuvant therapy (SF cohort). Our results are consistent with the previous reports 

that overexpression of GRP78 is associated with poor prognosis, pathologic tumor stage and 

lymph node metastasis 8, 16. More importantly, we showed that GRP78 expression was an 

independent prognosticator in SF PDAC patients. However, we did not observe signification 

correlations of GRP78 expression with tumor stage, lymph node metastasis, margin status 

etc., which may be due to the difference in patient populations compared to the previous 

studies.

To the best of our knowledge, the expression of GRP78 expression and its prognostic 

significance in resected PDAC patients treated with neoadjuvant therapy (NAT) has not 

been reported previously. In this study, we demonstrated for the first time that GRP78 

expression predicted shorter overall survival and was an independent prognostic factor for 

OS in 125 PDAC patients who received neoadjuvant therapy. Utilizing a different approach 

by evaluating pre-treatment rectal biopsies, Lee et al. demonstrated that low expression of 

GRP78 is associated with a significantly higher rate of down staging and a significantly 

lower rate of recurrence in patients with colorectal cancers who received neoadjuvant 

chemoradiotherapy 30. Our results provided clinical evidence that GRP78 play an important 

role in the aggressiveness and progression of PDAC.

Recently studies have demonstrated that targeting GRP78 enhances tumor radiosensitivity, 

tumor apoptosis, and attenuates tumor cell growth and angiogenesis 28, 31–34. Gopal 

et al. showed that targeting tumor cell surface GRP78 with C38 monoclonal antibody 

enhanced radiosensitivity and increased the efficacy of radiation therapy by curtailing PDAC 

cell motility and invasion 32. Recent proteomic analysis performed on neoadjuvant-NAT 

PDAC samples showed that GRP78 is one of the major protein markers that predict poor 

tumor response to neoadjuvant therapy 35. However, in this study, we do not observe 

significant correlation between GRP78 expression in post-therapy PDAC samples and 

pathologic tumor response grading in our NAT cohort of PDAC patients. Among the 

different NAT groups, our data showed that GRP78 expression correlated with shorter 

overall survival in patients who received gemcitabine-based chemoradiation or gemcitabine 

followed by chemoradiation, but not in patients who received fluoropyrimidine-based 

chemoradiation. These findings suggest that GRP78 expression may be used as a potential 

marker for selecting more effective post-operative adjuvant therapies. More specifically, 

non-Gemcitabine-based chemotherapy regimens may work better for patients whose tumors 

were GRP78-positive.

It is interesting that we observed significantly lower expression of GRP78 in the NAT cohort 

compared to the SF cohort of PDAC patients (68.8% vs 89.3%, P < 0.001). While it is 

possible that GRP78 expression represents a marker of response in NAT cohort, it may 

also simply reflect the selection by neoadjuvant therapy for surgery of a group of patients 
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with cancers that exhibit favorable behavior and thus, low expression. It would be very 

interesting to assess GRP78 expression in pre-therapy biopsies of PDAC patients and to 

correlate GRP78 expression in pre-therapy biopsy samples with post-resection pathological 

parameters, especially tumor response grade, which will help to determine the predictive 

value of GRP78 expression for tumor response to different neoadjuvant therapy in PDAC 

patients.

Study limitations of this retrospective cohort study include the selection bias intrinsic to 

a single institution dataset. The extent to which the selection of patients for surgery itself 

played a role in the final ratio of patients with or without GRP78 expression will require 

a larger analysis, including potentially patients treated with induction chemotherapy but 

never making it to surgery. In addition, PDAC patients who received five different NAT 

protocols from early neoadjuvant therapy trials (1999 to 2007) were included in this study. It 

would be important for future studies to examine the expression and prognostic significance 

of GRP78 in PDAC patients who received newer neoadjuvant therapy regimens, such as 

FOLFIRINOX, Gemcitabine and nab-paclitaxel (Abraxane), etc.

In conclusion, our study showed that GRP78 is overexpressed in PDAC samples from both 

NAT and SF cohorts. GRP78 expression in resected PDACs of NAT cohort is lower than that 

in SF patients. GRP78 expression correlated with shorter OS in both NAT and SF patients 

and shorter DFS in PDAC patients treated with SF. Our results suggest that GRP78 play an 

important role in the aggressiveness and progression of PDAC. Therefore, targeting GRP78 

may be a novel component of the multimodality treatment plan for future PDAC patients.
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Figure 1. 
Representative micrographs showing the immunohistochemical staining of GRP78 in 

pancreatic ductal adenocarcinomas. (A) GRP78 negative (x200). (B) weak cytoplasmic 

staining of GRP78 (x200). (C) moderate cytoplasmic staining of GRP78 (x200). (D) strong 

cytoplasmic staining of GRP78 (x200).
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Figure 2. 
The expression of GRP78 is significantly lower in NAT cohort than that in SF cohort.
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Figure 3. 
Kaplan–Meier survival curves for disease-free survival and overall survival in SF cohort. 

Patients with GRP78-positive tumor have shorter disease-free survival (p = 0.008, A) and 

overall survival (p = 0.02, B) than those with GRP78-negative tumor.
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Figure 4. 
Kaplan–Meier survival curves for disease-free survival (A) and overall survival (B) in 

NAT cohort. Patients with GRP78-positive tumor have shorter overall survival than those 

with GRP78-negative tumor (p = 0.03, B). C. GRP78 expression correlates with shorter 

overall survival in patients who received gemcitabine-based chemoradiation or gemcitabine 

followed by chemoradiation (P = 0.02). D. No significant correlation between GRP78 

expression and survival was observed in patients who received fluoropyrimidine-based 

chemoradiation (P = 0.31).
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Table 1.

Correlation of GRP78 Expression and Clinicopathologic Parameters in Untreated and Treated Cohorts

Untreated Cohort Treated Cohort

Characteristics GRP78–Negative 
(%) (n=15)

GRP78-Positive (%) 
(n=125)

p value GRP78-Negative (%) 
(n=39)

GRP78 - Positive 
(%) (n=86)

p value

Gender 0.77 0.09

 Female 6 (40.0) 55 (44.0) 11 (28.2) 38 (44.2)

 Male 9 (60.0) 70 (56.0) 28 (71.8) 48 (55.8)

Age 0.95 0.26

 <60 5 (33.3) 37 (29.6) 19 (48.7) 29 (33.7)

 60–70 6 (40.0) 51 (40.8) 11 (28.2) 34 (39.5)

 >70 4 (26.7) 37 (29.6) 9 (23.1) 23 (26.7)

Differentiation 0.34 0.29

 Well-moderate 9 (60.0) 90 (72.0) 23 (59.0) 59 (68.6)

 Poor 6 (40.0) 35 (28.0) 16 (41.0) 27 (31.4)

pT stage 0.27 0.84

 pT1 4 (26.7) 16 (12.8) 9 (23.1) 21 (24.4)

 pT2 10 (66.7) 89 (71.2) 25 (64.1) 57 (66.3)

 pT3 1 (6.6) 20 (16.0) 5 (12.8) 8 (9.3)

pN stage 0.19 0.47

 pN0 6 (40.0) 26 (20.8) 15 (38.5) 27 (31.4)

 pN1 5 (60.0) 41 (79.2) 14 (35.9) 41 (47.7)

 pN2 4 58 10 (25.6) 18 (20.9)

Margin status 0.28 0.34

 Negative 14 (93.3) 103 (82.4) 32 (82.1) 76 (88.4)

 Positive 1 (6.7) 22 (17.6) 7 (17.9) 10 (11.6)

Recurrence 0.09 0.09

 No recurrence 6 (40.0) 26 (20.8) 14 (35.9) 17 (19.8)

 Local recurrence 4 (26.7) 21 (16.8) 7 (17.9) 23 (26.7)

 Distant recurrence 5 (33.3) 78 (62.4) 17 (43.6) 46 (53.5)
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Table 2:

Univariate and Multivariate Cox Regression Analysis of Disease-free and Overall Survival in Untreated 

Cohort

Univariate Analysis

Characteristics No. of patients Disease-free Survival Overall Survival

HR (95% CI) p value HR (95% CI) p value

GRP78 expression

 Negative (ref) 15 1.0 1.0

 Positive 125 2.76 (1.27 – 5.96) 0.01 2.36 (1.14 – 4.90) 0.02

Age (years) 140 1.00 (0.98 – 1.02) 0.95 1.01 (0.99 – 1.03) 0.36

Gender

 Female (ref) 61 1.0 1.0

 Male 79 0.82 (0.56 – 1.20) 0.31 0.81 (0.55 – 1.19) 0.28

Differentiation

 Well-Moderate (ref) 99 1.0 1.0

 Poor 41 0.98 (0.64 – 1.51) 0.94 0.94 (0.61 – 1.45) 0.79

Margins

 Negative (ref) 117 1.0 1.0

 Positive 23 1.92 (1.17 – 3.15) 0.01 2.01 (1.21 – 3.34) 0.007

pT stage 0.04 0.04

 pT1 (ref) 20 1.0 1.0

 pT2 99 2.26 (1.19 – 4.28) 0.01 2.18 (1.18 – 4.04) 0.01

 pT3 21 1.78 (0.81 – 3.85) 0.14 1.78 (0.83 – 3.81) 0.14

pN stage 0.007 0.08

 pN0 (ref) 32 1.0 1.0 0.08

 pN1 46 2.00 (1.16 – 3.47) 0.01 1.59 (0.91 – 2.78 0.10

 pN2 62 2.36 (1.38 – 4.04) 0.002 1.87 (1.09 – 3.21 0.02

Multivariate Analysis

Characteristics No. of patients Disease-free Survival Overall Survival

HR (95% CI) p value HR (95% CI) p value

GRP78 expression

 Negative (ref) 15 1.0 1.0

 Positive 125 2.44 (1.12 – 5.32) 0.02 2.10 (1.003 – 4.39) 0.049

pN stage 0.006 0.11

 pN0 (ref) 32 1.0 1.0

 pN1 46 2.30 (1.31 – 4.06) 0.004 1.74 (0.99 – 3.06) 0.06

 pN2 62 2.26 (1.32 – 3.88) 0.003 1.72 (1.00 – 2.95) 0.05

Margins

 Negative (ref) 117 1.0 1.0

 Positive 23 2.14 (1.27 – 3.60) 0.004 2.02 (1.19 – 3.41) 0.009

Pancreatology. Author manuscript; available in PMC 2022 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Tong et al. Page 16

pT stage 0.50

 pT1 (ref) 20 1.0 1.0

 pT2 99 1.38 (0.70 – 2.73) 0.35 1.49 (0.76 – 2.90) 0.24

 pT3 21 1.08 (0.49 – 2.41) 0.84 1.23 (0.56 – 2.71) 0.61

Abbreviations: HR: hazard ratio; 95% CI: 95% confidence interval; ref: reference
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Table 3:

Univariate and Multivariate Cox Regression Analysis of Disease-free and Overall Survival in Treated Cohort

Univariate Analysis

Characteristics No. of patients Disease-free Survival Overall Survival

HR (95% CI) p value HR (95% CI) p value

GRP78 expression

 Negative (ref) 39 1.0 1.0

 Positive 86 1.521 (0.95 – 2.43) 0.08 1.68 (1.05 – 2.69) 0.03

Age (years) 125 0.97 (0.95 – 0.99) 0.003 0.98 (0.96 – 1.00) 0.049

Gender

 Female (ref) 49 1.0 1.0

 Male 76 0.84 (0.56 – 1.28) 0.42 1.06 (0.86 – 1.30) 0.61

Differentiation

 Well-Moderate (ref) 82 1.0 1.0

 Poor 43 1.22 (0.80 – 1.87) 0.36 1.18 (0.77 – 1.80) 0.46

Margins

 Negative (ref) 108 1.0 1.0

 Positive 17 1.06 (0.58 – 1.94) 0.86 1.27 (0.71 – 2.29) 0.42

pT stage 0.63 0.65

 pT1 (ref) 30 1.0 1.0

 pT2 82 1.25 (0.74 – 2.08) 0.40 1.24 (0.74 – 2.07) 0.41

 pT3 13 1.39 (0.64 – 3.00) 0.40 1.37 (0.63 – 2.95) 0.43

pN stage 0.04 0.009

 pN0 (ref) 42 1.0 1.0

 pN1 55 1.25 (0.77 – 2.03) 0.36 1.24 (0.76 – 2.00 0.39

 pN2 28 2.01 (1.17 – 3.45) 0.01 2.28 (1.32 – 3.92) 0.003

Tumor response grading

 CAP grade 0 or 1 (ref) 7 1.0 1.0

 CAP grade 2 or 3 118 3.09 (0.98 – 9.82) 0.06 3.14 (0.99 –9.95) 0.05

Multivariate Analysis

Characteristics No. of patients Disease-free Survival Overall Survival

HR (95% CI) p value HR (95% CI) p value

GRP78 expression

 Negative(ref) 39 1.0 1.0

 Positive 86 1.562 (0.98 – 2.50) 0.06 1.68 (1.05 – 2.69) 0.03

pN stage 0.10 0.005

 pN0 (ref) 42 1.0 1.0

 pN1 55 1.19 (0.72 – 1.97) 0.49 1.33 (0.82 – 2.15) 0.25

 pN2 28 1.804 (1.03 – 3.16) 0.04 2.43 (1.41 – 4.21) 0.001

Age (years) 125 0.97 (0.95 – 0.99) 0.003 0.99 (0.97 – 1.01) 0.18
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Tumor regression grade

 CAP grade 0 or 1 (ref) 7 1.0 1.0

 CAP grade 2 or 3 118 3.04 (0.96 – 9.64) 0.06 3.47 (1.08 – 11.09) 0.04

 CAP grade 2 or 3 118 3.04 (0.96 – 9.64) 0.06 3.47 (1.08 – 11.09) 0.04

Abbreviations: HR: hazard ratio; 95% CI: 95% confidence interval; ref: reference
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